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The many applications for plastics films has grown rapidly over recent years, especially in the 
field of packaging. This book has long been the established work on this subject because of its 
unified approach which includes not only film forming materials and their properties but also the 
important topics of film manufacture, film conversion (printing, lamination, wrapping and bag 
manufacture) and end-uses such as packaging applications, agriculture, horticulture, building and 
construction, synthetic papers, film tapes and fibres. 

For this third edition the opportunity has been taken to extensively update and revise the text to 
take account of recent advances in materials conversion processes. In particular, the section on 
vacuum and gas packaging has been expanded to cover controlled/modified atmosphere packag- 
ing, while the chapter on thermof orming has been rewritten to incorporate sections on control of 
wall thickness, automatic operation and solid phase pressure forming. A new appendix covering 
additives for plastics films has been included and the chapters on organolepsis and health safety 
have also been completely re-written by Dr L L katan, reflecting their continuing importance, espe- 
cially to the food industry. 

All technologists in the fields of packaging and plastics, whether as covertors or users of films 
and laminates or film manufacturers in the pharmaceutical, food, agricultural printing, cosmetics or 
toiletries industries, will welcome this new edition of a valuable handbook. Students of polymer 
science and those studying for the membership examinations of the Plastics and Rubber Institute or 
the Institute of Packaging will find it a useful reference text. 

John Briston, BSc., CChem., FRSC, FPRI, FlnstPkg., is a consultant specialising in the use of 
plastics for the packaging industry. Heis a past National Chairman of the Institute of Packaging and 
past Chairman of the Plastics and Rubber Insrtute's Packaging Group. He is the author of several 
books on packaging and plastics technology and has contributed over 150 technical papers to 
leading journals in these fields. He has also lectured widely in the UK and overseas. 

Leonard Katan, BSC, PhD., FIChemE., D1C, ARCS, CEng., FPRI, was previously head of the 
Polymer Safety and Environmental Department at the Shell Group. He is currently a consultant in 
health safety and environmental matters related to food packaging. He is also editor of FCD (Food, 
Cosmetics and Drugs) Packaging Bulletin and has published over thirty papers and five books in this 
field. 
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8.1 .1 BLOWN FILM EXTRUSION 



A typical set-up for blown film extrusion is shown in Figure 5.2. 
In this instance the molten polyrner from the extruder enters the 
die from the side but entry can also be effected from the bottom 
of the die. Once in the die, the molten polymer is made to flow 
round a mandrel and emerges through a ring shaped die opening, in 
the form of a tube. The tube is expanded into a bubble ol the 
required diameter by an air pressure maintained through the centre 
of the mandrel. The expansion of the bubble is accompanied by a 
corresponding reduction in thickness. Extrusion of the tube is 
usually upwards but it can be extruded downwards, or even sideways. . 
The bubble pressure is maintained by pinch rolls at one end and by 
the die at the other. It is important that the pressure of the air is 
kept constant in order to ensure uniform thickness and width of film. 
Other factors that affect film thickness are extruder output, haul-off 
speed and temperatures of the die and along the barrel. These must 
also be strictly controlled. 

As with any extrusion process, film blowing becomes more 
economical as speeds are increased. The limiting factor here is the 
rate at which the tubular extmdate can be cooled. Coobng is usually 
achieved by blowing air against the outside surface of the bubWe. 
Under constant air flow conditions an increase in extrusion speed 
results in a higher 'frost' line (the line where solidification of the 
extmdate commences) and this leads to bubble instability. Increasing 
the air flow gives more rapid cooling and lowers the 'frost' line but 
this is limited in its application because too high a velocity of the 
air stream will distort the bubble. Various designs of air coohng 
rings have been worked out in order to produce improved coohng 
without these attendant difficulties and one such design (designed 
and patented by Shell) is shown in Figure 8 J. It consists of a conically 
shaped ring provided with three air slits, the airstreams from which 
are so directed and regulated that the space between the bubble and 
the ring decreases gradually towards the top of the ring. This gives 
improved cooling by increasing the speed of the airstream. The 
design also results in a zone of under-pressure at the top of the ring 
and this greatly improves the bubble stability. , r 

Blown film extrusion is an extremely complex subject and there 
are many problems associated with the production of good quality 
film. Among the many defects which can occur are variations in 
film thickness, surface defects such as 'orange peer, 'apple sauce 
or 'fish eyes', low tensile strength, low impact strength, hazy film, 
blocking and wrinkling. Wrinkling is a particularly annoying 
problem because it can be costly, leading to scrapping of a roll of 
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